Abstract. The aim of the present study was to investigate the expression of activin A in esophageal carcinoma and its association with tumor differentiation and metastasis. A total of 57 esophageal carcinoma patients and 36 controls were included in the current study. The mRNA and protein expression levels of activin A in esophageal tumors or normal esophageal tissues were determined by reverse transcription-quantitative polymerase chain reaction and immunohistochemical analysis. In addition, the association of activin A expression with esophageal carcinoma differentiation, metastasis and recurrence postoperatively was analyzed. The mRNA and protein expression levels of activin A in esophageal carcinoma were significantly higher compared with those in normal esophageal tissues (P<0.05). The expression of activin A was higher in poorly-/moderately-differentiated esophageal tumor tissues compared with that of well-differentiated or control tissues (P<0.05). Furthermore, the expression of activin A in poorly-differentiated esophageal tumor tissues was higher compared with that of moderately-differentiated tissues (P<0.05). A positive correlation was also observed between differentiation degree and activin A expression. The expression of activin A was higher in patients with lymph node metastasis compared with those without metastasis (P<0.05). The cumulative survival rate of patients with a high expression of activin A at 1, 2 and 3 years postoperatively was significantly decreased compared with that of patients with a lower expression of activin A (P<0.05); by contrast, the cumulative recurrence rate was significantly higher in patients with a lower activin A expression (P<0.05).
Introduction
Esophageal cancer is one of the most common malignancies, its incidence rate ranks eighth among cancers worldwide (1). The incidence rates vary widely between countries, with approximately half of all the diagnosed cases occurring in China (2) . In addition, esophageal cancer is ~3 times more common in men than in women (3) . The majority of patients are diagnosed with advanced stage disease, since the early symptoms are rarely detected. Systemic metastasis is the major cause of mortality in patients with esophageal cancer (4, 5) . Therefore, developing novel methods for the early diagnosis of the disease is pivotal for the treatment of esophageal carcinoma patients; however, there is a lack of molecular targets for the diagnosis of esophageal cancer in clinical practice.
Activin A, which is a member of the transforming growth factor β superfamily, was initially isolated from the porcine pituitary follicle and has the ability to induce differentiation of embryonic stem cells (6) . There are three types of receptors for activin A: type I, II and III. Activin A binds to the type II receptor with the aid of the type Ⅲ receptor, while it can cause the phosphorylation of type I receptor and then form a ternary complex with the phosphorylated type I receptor (7) . Smad2 and Smad3 in the cytosol can be phosphorylated by this complex and subsequently transferred into the nucleus, regulating the expression of certain genes (8) (9) (10) (11) . Activin A plays an important role in cell proliferation, differentiation, apoptosis and adhesion (12) (13) (14) . Recent studies have demonstrated that activin A expression is significantly increased in various types of cancer and is correlated with cancer progression and metastasis (15) (16) (17) . However, to the best of our knowledge no studies have previously investigated the expression of activin A in esophageal cancer tissues. In particular, the association of activin A with esophageal carcinoma differentiation and metastasis, as well as the survival and recurrence rates in esophageal carcinoma patients, remain to be elucidated.
In present study, the expression of activin A in esophageal cancer tissues was detected and its association with tumor differentiation, metastasis, postoperative survival and recurrence was Activin A expression in esophageal carcinoma and its association with tumor aggressiveness and differentiation 
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
The esophageal tumor tissues or normal esophageal tissues were homogenized in 1 ml TRIzol (Invitrogen Life Technologies, Carlsbad, CA, USA), and then 200 µl chloroform was added and mixed. The mixture was naturally stratified on ice and then centrifuge at 15,000 x g for 15 min, and 500 µl of the supernatant was transferred and mixed with an equal volume of isopropanol. Next, the mixture was placed on ice for 15 min, followed by collection of total RNA by centrifugation at 15,000 x g for 10 min. The mixture was then washed twice with 75% cooling ethanol, and the precipitation was redissolved in diethylpyrocarbonate-treated sterilized water. Total RNA was quantified and reverse-transcribed into cDNA using an M-MLV Reverse Transcription kit. (Takara Biotechnology Co., Ltd., Dalian, China), and then used for qPCR. Primers for qPCR were designed according to the mRNA sequence from GenBank (accession no. AY578797.1) using Primer Premier software, version 5.0 (Premier Biosoft, Palo Alto, CA, USA). The primers used were as follows: activin A forward, 5'-TTCTCGCTGTACTGCTGCAGA-3' , and reverse, 5'-CTTCCTGCATGTCTTCAAGAGATG-3'; β-actin (internal control) forward, 5'-GCGGGAAATCGTGCGTGAC-3', and reverse, 5'-CGTCATACTCCTGCTTGCTG-3'. The reaction mixture was prepared with SYBR Green Master Mix (Takara Biotechnology Co., Ltd.), 10 µmmol/l of each primer and 20-50 µg cDNA, with a final volume of 20 µl. qPCR was performed under the following cycling parameters: 30 sec at 95˚C, followed by 40 cycles of 3 sec at 95°C and 30 sec at 60˚C. The specificity of the product was determined by melting curve analysis. Data acquired were analyzed using the 2 -ΔΔCt method (18) .
Immunohistochemical assays. The tissue samples were embedded in paraffin and cut into 5-µm sections, then mounted on polylysine-treated glass slides and dried for 1 h at 50˚C. Next, the slides were deparaffinized in xylene, rehydrated by graded ethanol, washed three times with distilled water and then heated for 8 min in sodium citrate solution. Subsequent to washing three times in phosphate-buffered saline (PBS), the tissues were quenched in 3% H 2 O 2 in methanol and then washed three times in PBS for 5 min each time. The tissues were blocked with PBS-Tween 20 containing 10% goat serum for 30 min at 37˚C and then incubated with mouse anti-human activin A antibody (1:100; sc-35644; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) at 4˚C overnight. After washing three times in PBS to remove excess antibodies, the slides were incubated with diluted goat anti-mouse antibody (1:100; sc-38462; Santa Cruz Biotechnology, Inc.) for 30 min at 37˚C. Subsequent to washing for a further three times, 50 µl of 3,3'-diaminobenzidine was used as the chromogen. Finally, the slides were rinsed with water, dehydrated in ethanol gradient and xylene, and then mounted using neutral resin (Dingguo Inc., Beijing, China).
Observation indexes and evaluation criteria. The mRNA and protein expression levels of activin A in the two groups (esophageal carcinoma or normal tissues) were observed. The expression levels of activin A in esophageal carcinoma patients with different degrees of differentiation and metastasis status were analyzed, as well as their association with the survival and tumor recurrence of patients. Tissue samples with >50% activin A-positive cells in the immunohistochemical assay were defined as activin A-positive patients, while samples with <50% positive cells were defined as activin A-negative patients.
Statistical analysis. The data are expressed as the mean ± standard deviation and analyzed using the SPSS version 13.0 software (SPSS, Inc., Chicago, IL, USA). Measurement data was performed using Student's t-test. Comparisons of cumulative recurrence rate or cumulative survival rate were performed using the Kaplan-Meier method and log-rank test, respectively. P<0.05 was considered to indicate a statistically significant difference.
Results

mRNA expression levels of activin A in esophageal carcinoma
tissues. The mRNA level of activin A was detected using the RT-qPCR method. As shown in Fig. 1 , the primers used for activin A were specific to the activin A gene and the melting curve was a simplex. In esophageal carcinoma tissues, the mRNA expression of activin A was significantly increased when compared with that in the normal esophageal tissues, and the difference was statistically significant (P<0.05).
Protein expression of activin A in esophageal carcinoma tissues. As shown in Fig. 2 , activin A was expressed mainly in the cytoplasm, which appeared as brown staining in the immunohistochemical assay. A low expression of activin A was observed in the normal esophageal tissues, while the expression was evidently increased in esophageal carcinoma tissues. Quantitative analysis revealed that activin A expression in esophageal cancer was significantly higher compared with that in normal esophageal tissues, and the difference was statistically significant (P<0.05).
Expression levels of activin A in esophageal carcinoma tissues with various differentiation degrees.
As shown in Correlation between activin A and metastasis in esophageal cancer. Among the 57 patients included in the current study, 37 subjects presented lymph node metastasis and the remaining 20 patients presented no metastasis.
Patients were divided into two groups according to the presence or absence of lymph node metastasis. The two groups demonstrated no statistically significant differences in the gender and age index, and were considered to be comparable (P>0.05). The results revealed that the expression of activin A was markedly higher in metastatic esophageal carcinomas compared with tumors without metastasis, and the difference was statistically significant (P<0.05; Fig. 4) .
Correlation of activin A with survival and recurrence rates.
The 57 patients were divided into two groups according to the evaluation standard for activin A expression in the immunohistochemical assay, which included 38 activin A-positive subjects or 19 activin A-negative subjects. Subsequently, the recurrence and survival rates of each group were analyzed. 
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Discussion
Esophageal carcinoma is one of the most common cancer types. A previous study has reported that abnormal expression of activin A was detected in the serum of patients with esophageal carcinoma (19) . Therefore, investigating the correlation of the activin A expression with the tumorigenicity and metastasis of human esophageal cancer is essential. However, only a limited number of studies have been conducted on the expression of activin A in esophageal tumor tissues. The present study detected the mRNA and protein expression levels of activin A in esophageal tumor and normal esophageal tissues. The results revealed that the mRNA and protein expression levels of activin A were significantly higher in esophageal cancer compared with those in normal esophageal tissues, which is consistent with the findings of previous studies (20, 21) . In addition, the expression of activin A in esophageal tumor tissues with various degrees of differentiation was investigated. The immunohistochemical assay demonstrated that the protein expression of activin A was the highest in poorly-differentiated tumor tissues and the lowest in well-differentiated esophageal tumor tissues, which revealed an association between activin A and the differentiation degree of esophageal carcinoma. Thus, a high expression of activin A can be considered to represent a high degree of malignancy, while a low expression of activin A may indicate a benign tumor. Furthermore, analysis of the lymph node metastasis demonstrated that the expression of activin A was higher in esophageal tumors with presence of lymph node metastasis compared with absence of metastasis. This result indicates that activin A may be involved in the metastasis of esophageal cancer, which is consistent with the aforementioned association with the differentiation degree of esophageal carcinoma. Malignant tumors are generally more likely to metastasize, while benign tumors demonstrate few metastases. The results of the present study revealed that activin A plays an important role in tumor metastasis and grade malignancy, which has also been observed in numerous other types of cancer (22) (23) (24) .
The primary measure for the treatment of esophageal carcinoma is surgery; however, recurrence is observed postoperatively in certain patients and affects the survival of these patients (25) . The present study confirmed that patients with high expression of activin A preserved a lower cumulative survival rate and a higher cumulative recurrence rate compared with patients with low expression of activin A. These results suggest that activin A is closely associated with the recurrence and survival of esophageal cancer patients, which may be due to its correlation with the metastasis and malignancy of esophageal tumors.
In conclusion, the present study identified that activin A was abnormally expressed in esophageal carcinoma tissues and correlated with the tumor differentiation, metastasis, recurrence and survival of esophageal carcinoma patients. Therefore, activin A may be a potential molecular marker for the diagnosis and postoperative prognosis of esophageal cancer.
